The conversion or processing of shale, coal, or petroleum involves elevated temperatures and altered pressures, and under these conditions polynuclear aromatic hydrocarbons are likely to form. Certain compounds of this type exhibit carcinogenic activity for a variety of organ sites in experimental animals and epidemiological evidence strongly implicates their role as carcinogens in man.
In the United States, experience with shale oil and its derived products is limited. Through the early research of British workers it is apparent that a potential hazard exists (1, 2) . The assessment of this hazard and the factors contributing to carcinogenic potency of shale oils comes mainly from the early work of Schoental and Berenblum and the extensive work over many years in the United Soviet Socialist Republic by Professors Bogovsky and Vosamae and their colleagues (3) (4) (5) .
The work in our laboratory on the investigation of the carcinogenic potency of complex mixtures began about 1950 by Horton et al. (6) . Their work demonstrated that when benzo(a)pyrene is present in mixtures (higher levels in catalytically cracked stocks) they are likely to be positive in a bioassay. In addition, other carcinogens may be present that will contribute significantly to the observed potency. The occurrence of additional compounds of the long chain paraffinic type, so-called cocarcinogens, may contribute to the potency (7, 8) .
Continued investigations lead to the findings that benzo(c)phenanthrene may be an important contributor (8 (9) . Concentrations of 0.01 to 0.02% benzo(a)pyrene in such solvents as benzene and toluene are near the limit of detectable response using such a mouse bioassay. However, when n-dodecane is the solvent an effect is produced at 0.00002%.
The experiments reported present experience with several complex mixtures and compare their relative carcinogenic potency in this bioassay system (Table 1) .
Methods
Mice (C3H males) are acclimatized for two weeks prior to beginning an experiment. They are toe numbered, assigned to one of the test groups using a randomization procedure, and housed in groups of five to a cage (stainless steel). Food (Purina Lab Chow) and water are provided ad libitum. The cages are changed weekly.
The solutions are applied with a microliter pipet, usually 50 41 two to three times per week to the interscapular region of the backs. Hair is removed The average rates of induction of tumors by the different solutions involved in any given experiment are estimated by various calculations involving the time of appearance of the first papilloma in each mouse (in many animals, more than one tumor developed). In addition, the total number of papillomas per mouse and the number of mice developed papillomas and carcinomas are listed. The results obtained with three shale oil samples and several petroleum crude oils and petroleum fractions are presented for comparative purposes. In the instances where benzo(a)pyrene analyses were available they are presented.
Environmental Health Perspectives iv-*,_ FIGURE 3. Keratoacanthoma. On one edge epidermis is seen covered by keratinous material. Also at the surface large amounts of keratinous material. In the acanthotic parts retention of keratinous material. On one side the expansive growth is seen "pushing" the dermis and hair follicles. This type of keratoacanthoma can evacuate and then leaves a shallow cup-like hole. One can see the excavation more to the center of the lesion. At the edge the tumor seems to develop into carcinoma. 
Results and Discussion
As may be seen from Table 1 , results of the samples of shale oil are similar in potency to the crude petroleum fractions and uncracked distillates. Cracking of petroleum fractions produces carcinogenic substances including benzo(a)pyrene.
Lesions produced during bioassay of these mixtures are similar and the development of lesions may be seen in Figures 1-9 .
Currently we are conducting experiments to investigate the carcinogenic potential of several samples of shale oil, raw shale and spent shale. The oils are applied topically in the manner described previously. The samples of raw shale and spent shale are applied as finely divided particles suspended in a white mineral oil. Mice are also exposed to topical application of white mineral oil, known concentrations of the carcinogen benzo(a)pyrene, and there are some that are untreated.
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